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RESUME 
Les écoulements d’eau de pluie sont connus comme étant une source importante de 
différents polluants pour les cours d’eau. Cette prise de conscience accrue a 
nécessité des exigences supérieures en ce qui concerne le dispositif de contrôle de 
la pollution. 
D’un point de vue hydraulique, un des problèmes les plus complexes  associé à 
l’installation de ces contrôles, est la déviation de ces écoulements dans ce dispositif. 
A cet égard, peu ou pas d’innovations ont été proposées dans le cas de déviation de 
précipitation exceptionnelle. En général, des déversoirs fixes sont installés dans des 
canaux agissant comme structure de déviation qui pourraient mener à  des 
changements graves des profiles d’inondation pendant différents moments 
d’écoulement et la capacité du canal pourrait, des lors, être sensiblement réduite. 
L’augmentation des niveaux d’inondation a été un peu réduite en élargissant le canal 
à l’emplacement du déversoir. Ceci peut parfois convenir quand le régime 
d’écoulement est au dessous du niveau critique c’est à dire avec un nombre de 
Froude inférieur à 1. Cependant, avec un régime d’écoulement supercritique (Froude 
plus grand que 1), cette méthode engendrera presque certainement un  saut 
hydraulique et une augmentation du niveau de surface  provoque par l’impact de “la 
vague” qui vraisemblablement causera a son tour une inondation. 
Cette situation doit être évitée a tout prix. Cet article propose un modèle qui a déjà 
été mis en application pour traiter cette situation. 
ABSTRACT 
Urban stormwater runoff is recognised as a major source of a wide variety of 
pollutants to water bodies. The need to treat, has resulted in the need to divert flows 
offline. In sub critical flow this is achievable with weirs for instance. However in super 
critical flow this is more difficult. The use of a raised bed in conjunction with a channel 
widening is investigated using 1D & 2D modelling as well as physical modelling. What 
was found is that physical models still play a very important role in providing a very 
cost effective method of identifying and resolving complex flow behaviour. 
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1 INTRODUCTION 
CDS Pty Ltd  (now Copa Water) recently submitted a tender for the Sydney Water 
Stormwater Environment Improvement Program (SEIP), utilizing an innovative use of 
a supercritical bed rise in a channel which results in a backwater and sub critical flow 
regime (Froude <1) for a confined range of flows. Above a certain flow the super 
critical bed rise flow regime resumes as supercritical (Froude >1). By adopting this 
approach the problems associated with more traditional weirs across the channel 
have been avoided. The concept design was carried out using numerical methods. 
The design consultant was then engaged to undertake physical model testing of 
various versions of the theoretical model. Finally a 2-Dimensional flow model was 
used to compare to the physical model results.The paper will outline the calculation 
procedure and also the result of the physical modeling undertaken as well as visually 
demonstrate the supercritical flow regime being held over the length of the hump. It 
also highlights the role (and strengths) of physical models as opposed to the used of 
2D numerical models. 
 
2 BACKGROUND 
With the need to treat storm water (quality) comes the need to some how divert flows 
out of conveyance channels into treatment facilities. In many instances a low weir is 
simply placed across the flow to create a system blockage at low flows that deflect 
the flows into the device (Fig. 1). However this will result in increased flood levels in 
higher flows.  
Fig. 1 Channel flow diverted to PCD by a 
weir across the channel 
Fig. 2 Channel flow diverted to PCD by a 
weir across the channel in conjunction with a 
channel widening in an attempt to alleviate 
flooding 
 
Therefore often a channel widening is undertaken in conjunction with the low weir 
such that in high flows the weir capacity is equal to or greater than the channel 
capacity (Fig. 2). This may be suitable in some cases particularly those were the flow 
regime is sub-critical (Froude number < 1).  However when the flow in the channel is 
supercritical these techniques result in very large shock losses that often lead to a 
change in regime from supercritical to sub critical and the accompanying conjugate 
depth that lead to flow depths in excess of the channel walls, resulting in flooding.  
3 METHODS 
The process by which the supercritical bed rise diversion evolved is as follows: 
1. A review was undertaken of specific hydraulic references with regard to the 
design of supercritical transitions. 
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2. A specifically developed spreadsheet was utilised to provide the calculations 
to determine the bed rise based on a plan shape of the channel widening. 
3. The resulting dimensions, for a series of 15 cross sections through the 
structure was used as input into HEC-RAS. (Note HEC-RAS was the 
software specified by the client to check the hydraulics of each device for 
the SEIP). 
4. As HEC-RAS will not account properly for the momentum shock losses the 
HEC-RAS program showed that the concept could be achieved without 
adverse effect in the space of around 2.5m. 
5. This of course is not realistically achievable and therefore a check on 
momentum requirements based on 1:25 scale physical modeling was 
undertaken. 
6. Finally a 2D analysis was undertaken to compare the physical model to 
calculated results. 
 
4 RESULTS AND DISCUSSION 
Applying this methodology also highlighted the strengths of physical modelling over 
other methods. The relative speed at which models could be assembled run, changed 
and re-run by far out performed other methods. 
4.1 Implementing MEL Concepts 
It is clear that raising the bed of a channel may lead to choking (Hager 1999). 
Therefore the aim is to ensure that the Froude number does not reduce excessively 
as the flow passes over the rise. The concept developed is very similar to the 
Minimum Energy Loss (MEL) Concept (Apelt 1983) which uses a contraction and bed 
drop followed by an expansion and bed rise, and is normally used in sub critical 
approach flow. It has been claimed that MEL has the ability to converge and diverge 
flow smoothly through 120 degrees (or more) (McKay 1978). Procedures to analyze 
these structures individually are well established (Ippen, 1950). However the MEL 




Fig. 3 MEL Concept Fig. 4 Supercritical flow application 
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Generally when the shape of flow in a rectangular channel is changed there is a 
resulting change in flow depth and flow velocity. Similar results are also applicable to 
changes in the bed level. If the bed level is raised or dropped for a specific length of 
channel the addition or reduction in available conveyance can change the regime 
from Sub Critical to Supercritical or vice versa. This behaviour is well known and 
documented and forms part of the basic hydraulic theory in fundamental engineering 
hydraulics practical laboratory experiments. The minimum energy principle has been 
around for some time (~1950). It was developed initially to improve inlet efficiency. It 
was also further explained and given a name by Mckay and Apelt in the 70’s. 
Essentially Minimum Energy, Constant Energy or minimal loss structures, aim to 
reduce the total energy loss through a transition by maintaining the Froude No. as 
close as possible to the approach flow (there are also other methods) in a controlled 
manner. This can result in vastly narrower bridges on flood plains for instance 
(Cottman 1976). 
 
4.2 Design of the Bed Profile 
The bed profile is very site specific as any abrupt change in the bed may lead to an 
instability resulting in an induced conjugate depth. The result is the design of the bed 
profile (Fig. 5) based on the plan shape of the transition. That is the plan shape of the 
expansion widening and contraction transition back to the channel shape are used as 
input and the output is the bed profile required to maintain the supercritical flow 
regime without inducing sub critical flow via a hydraulic jump. 
 
 
Fig. 5 Bed Profile Through the Transition (Diversion Structure) width increasing to 5m 
 
4.3 Applying HEC-RAS to Perform Design Check 
The resulting plan width and bed profile was utilised to amend a HEC-RAS file of the 
existing channel. As discussed previously by VanDrie & Hengren (2006) The result 
showed that with HEC-RAS the rate of expansion and contraction had little impact on 
the water surface profile.  
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4.4 Physical Model of Supercritical Diversion Device 
Initially, four models were tested with various expansion ratios on the widening over 
the raised bed. (Fig. 6,7). 
 
Fig. 6 Dimensions of Model Tested Fig. 7 The actual models 
(Note flow direction is from the bottom of the figure to the top.) 
For this particular site installation, the 1:1 model failed to provide an adequate 
solution as it resulted in standing waves and a raised water surface profile that 
persisted upstream to a weak hydraulic jump (Figs. 8 & 9). The best performance 





Fig. 8 Hydraulic Jump formed 
in 1:1 model 
Fig. 9 criss-cross waves Fig. 10 The 1:2 Model 
exhibited relatively smooth 
profile 
 
4.5 2D Model Analysis 
In addition a 2 Dimensional unstructured grid model (Fig 13) was setup to investigate 
the flow behaviour of the supercritical diversion structure. The unstructured grid 
allowed flexibility in identifying the extent of flow expansion and contraction. In 
addition it showed in detail the mechanism of changes to the Froude number for 
various flow rates. At the treatable flow rate there is a marked drop in the Froude 
number immediately up stream of the hump(Fig.11). At higher flows the Froude 
number remains almost uniform as the flow passes over the raised section and then 
returns to the channel shape.(Fig. 12.) 
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Fig. 11. Froude Number (Low Flow) Fig. 12. Froude Number High Flow 
 
 Details of depth, velocity and water surface profile (Figs. 13-16) readily identified flow 
behaviour observed in the physical models. 
 
 
Fig. 13. 2D Mesh Fig. 14. Depth Fig. 15.Velocity Fig. 16. Water 
surface profile 
The 2D numerical approach confirmed the findings of the physical models such as 
standing waves (Fig 17) . However it was much more time consuming as each for 
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Fig. 17. Flow Depth for Near channel Capacity (Note standing wave at contraction) 
5 CONCLUSIONS 
It has been shown that the problems associated with attempting to divert low flows in 
a supercritical channel have been overcome. This has been achieved by 
implementing a method by which the shape of the water is changed as the water 
passes over a raised bed section while passing through a channel widening. The 
concept in some ways is similar to the Minimum Energy Loss concept. The profile of 
the raised bed in the channel was calculated utilizing a standard approach with 
specifically written software. The aim being to maintain the Froude number above 
critical as the flow is forced over the rise and as the flow expands and contracts. 
Physical modeling provides a method to resolve this. The overall result in the 
hydraulics lab showed that this innovative approach can provide a solution that can 
be utilized to divert low flows offline, whilst maintaining the flood flow capacity of the 
channel. The methodology is very site specific with no simple method available to 
determine the plan shape and bed profile. Construction was completed in 2005 and 
the device to date is operating adequately (Fig 18 & 19). The Velocity Profile 
(performance) is summarized in (Fig. 20). 
  
Fig. 18 completed raised bed diversion Fig. 19 Low flows being diverted into CDS 
unit 
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Fig. 20. Variation in Width, Velocity & Froude Number through the device 
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